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N THE past decade considerable interest has been shown in the problem of interaction between neighboring nerve fibers. Excitability changes occurring in inactive nerve fibers, as the result of activity in adjacent fibers have been demonstrated for medullated and non-medullated nerves in essentially isolated systems by many workers in the field (1-7). These changes, which may be in the direction of decreased or increased excitability, and which vary in magnitude from very small effects upon the threshold up to activation of the adjacent fiber (5, 6, S-IO, 4 , II, 12) have been correlated to a large degree with electrotonic activity set up in the adjacent fiber by the neighboring activity.
It is well known that dorsal root fibers may be used as an extension electrode to record potential changes which occur in the spinal cord (13) . This property is ascribable to electrotonic currents set up within the dorsal root fibers by the activity within the cord and Lloyd and MacIntyre (14) recently studied in detail the electrotonic potentials in an inactive dorsal root induced by electrical activity in the spinal cord of cats, elicited from stimulating an adjacent dorsal root. It had been suggested by one of us (IS) and independently by Beritoff (for discussion see 16) that electrotonic current flows might play an important role in the excitatory processes of the central nervous system. This possibility has since received important experimental support (17, 18) . The object of the present study was to investigate the excitability changes which might also be expected to occur in an inactive dorsal root upon stimulating an adjacent one, thus extending our knowledge of interaction of 'field effects' in the central nervous system.
TECHNIQUE
In cats anesthetized with sodium pentobarbital (Nembutal, 25 mg/kg.) two adjacent dorsal roots (usually Lg and L6) were set up for stimulation and recording as indicated in figure IA. Maximal shocks were delivered to the 'conditioning' root from a thyratron stimulator. Weak shocks, affecting but a few fibers, were given to the 'testing' root, with the cathode proximal and very close to the cord. Records were taken with a dual beam cathode ray oscillograph using high amplification for the potentials evoked from the testing nerve. These were recorded mono- testing nerve varies in detail from appear to be as follows, taking the A.
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Test i ng Dor sal Roof stimulus to the conditioning nerve as the zero of the time axis. At first excitability is depressed for o. I to 0.2 msec., ( fig. 2C ), then heightened considerably for the next 0.3 msec., and depressed again somewhat for 0.5 msec., when another period of depressed excitability follows for an additional 3 to 5 msec., its trough appearing at about 2 to 2.5 msec., ( fig. 2A , B, 0). This phase of depressed excitability is then succeeded by a prolonged period of heightened excitability which lasts between 130 to 160 msec., and has its peak at about 30 msec. (fig. 20) .
As has been indicated earlier the excitability changes in the testing root are probably due to the effects of electrotonic currents set up by the presence of neighboring activity. fig. 34 . However, despite the variability, the general sequence of the excitability changes described above appears even when many experiments are plotted together on a composite graph (fig. 4) . %I A.
130. When threshold changes were determined by means of shock strength measurements the excitability changes so expressed were of much smaller magnitude. In figure 3B is presented a typical example in which the excitability changes, as determined by both methods, are compared.
The proposition that at least the intermediate period of depressed excitability (1-4 msec.) and the late phase of enhanced excitability are produced by the effects of electrotonic currents set up by neighboring activity is further supported by experiments in which the position of the cathode and anode on the testing nerve were interchanged ( fig. 5 ). Thus when the cathode is placed distally (relative to the cord) the late enhancement of excitability does not appear at all and the immediately preceding depression is much weaker.
As to the early depression and facilitation a peculiar situation arises. When the cathode on the testing nerve is placed distally and the anode proximal to the cord the early depression and facilitation are greater than with the cathode proximal to the cord ( fig. 5) chloride3). It was found that the dorsal root reflex was the first sign of activity to disappear in the testing nerve. This was followed by complete disappearance of the late facilitation and then by a reduction but not complete extinction of the intermediate depression.
In the periods of asphyxia employed (up to 6 minutes) there was no effect on the early changes of excitability.
Curare per se in doses up to 5.0 cc. ( IOO U) per animal had no effect on any of these phenomena.
Generators of Electronic Potential. The period of late enhanced excitability whose duration is approximately 160 msec., bears a striking similarity to the time course of the cord potential described by Gasser and Graham (IS), Hughes and Gasser (20) and Renshaw (21) .
It seems therefore likely that the generators pro-AND J. MAGNES Volume 164
ducing the electrotonic currents which are responsible for that phase of enhanced excitability are the same as those which are responsible for the cord potential. However, it is important to note that although the cord potential can be recorded from regions several segments distant from the site of origin, the excitability of roots more than one segment away is not affected by this potential. This observation may indicate that activity in more distant segments involves elements that are not in close proximity to dorsal root collaterals and therefore have no significant electrotonic effect upon the excitability of the roots. The intermediate period of depressed excitability described here is more difficult to correlate with known physiological generators. Its time course is too short to ascribe to the negative after-potential. In a few experiments no significant change was produced by veratrinization of the animal with dosages up to 0.8 mg. per cat. Nevertheless the possible connection of the negative after-potential with this intermediate phase has not been ruled out because the subsequent phase of enhancement ascribed to the cord potential may be an overriding effect. Furthermore the small electrotonic potential which might be produced by the negative after-potential may exert an effect only in its earlier period when it is largest. On the other hand, this phase may equally be ascribed to the electrotonic effects of a terminal prolonged spike at the afferent terminations.
Of the earlier changes of excitability, the earliest sequence, which has been described above as a cycle of depression, enhancement and depression, has time and phase relations that can only be ascribed to the spike influx of the conditioning afferent root. A detailed analysis of the current flows producing this excitability sequence is not possible at this stage, for the data indicate a considerable variability in the time course and magnitudes of the effect, which we have concluded is ascribable to the variability of the anatomical relationships. It may however be suggested that the excitability sequence has the following temporal relations.
The first depression lasts about one-third the spike duration, and the enhancement, two-thirds. The mammalian A spike rises during its first third and falls during the subsequent two-thirds
The final phase of the early excitability sequence appears to last a full spike duration.
The sequence except for a different time scale seems to take a course described in detail for excised peripheral nerves by Katz and Schmitt (2) , and Marazzi and Lorente de N6 (7). These authors also discuss and emphasize discrepancies from predictable electrotonic effects. The experiments reported here were designed to ascertain whether or not electrical activity in dorsal roots of the cat causes excitability changes in adjacent root fibers. Excitability in these 'tested' dorsal root fibers, measured by changes in response to electrical stimuli, is affected by the activity of neighboring ('conditioning ') fibers. Using the onset of the conditioning response as the origin of the time base the earliest sequence of excitability changes in the tested fibers has brief components of depression, enhancement and depression lasting altogether about one msec. and variable as to the relative magnitudes of the three phases. This sequence is probably attributable to the current flows induced in the tested fiber by the spike activity arriving at the collaterals of the conditioning fibers. After this early brief sequence there is a depression of excitability lasting 3 to 5 msec., followed by enhancement which lasts up to 160 msec. The depression we attribute to current flows in the tested fiber caused by 'residual negativity' in the conditioning collaterals. The subsequent enhancement parallels in its time course the cord potential and is probably a result of the current flows induced by the generators which produce this potential. However, the spatial development of the cord potential is over several segments, whereas the parallel excitability change is confined to fibers in the immediate vicinity of the conditioning activity.
